Dr. Agnihotri and colleagues analyzed the differential gene expression between vestibular schwannomas (VSs) and normal control vestibular nerve tissue. 1 They uncovered a rather striking pattern of gene dysregulation in VSs. More than 1400 and 2800 genes were downregulated or upregulated, respectively, in VSs compared to vestibular nerves. Furthermore, the authors found similar gene expression patterns between sporadic and neurofibromatosis Type 2 (NF2)-associated VSs. A statistical analysis of deregulated gene expression and functional clustering into known molecular pathways revealed that several pathways are aberrant in VSs compared to vestibular nerve. Specifically, the authors found that the PIK3/ ATK/mTOR (mammalian target of rapamycin) signaling cascade was an important pathway that was overexpressed in VSs. To assess the therapeutic outcome of inhibiting this pathway, the authors examined the in vitro effect of 2 new selective PIK3/AKT/mTOR inhibitors (BEZ235 and PKI-587) on VS cells and found that treatment reduced cellular proliferation and increased apoptosis.
Based on tumor size, patient age, hearing status, and/ or association with NF2, VSs have been managed conservatively, by resection, and/or by the use of stereotactic/ fractionated radiation. 2, 3, 8 Nevertheless, VSs that require treatment can be difficult to eradicate using available therapies, and treatment can be associated with neurological complications related to VS proximity to cranial nerves/vital structures, tumor size, and/or the multicentricity of tumors in syndromic cases. The work by Dr. Agnihotri and colleagues provides deeper insights into the molecular biology of VSs and the basis for new, targeted therapeutic approaches to these tumors. Specifically, the authors found that the most significant upregulated signaling pathway in VSs was the PI3K/AKT/mTOR cascade, which is also upregulated in glioblastoma multiforme and medulloblastoma. 9, 14 Exploiting these findings, the authors successfully treated VS cells in vitro with new putative therapeutic compounds (BEZ235, PKI-587).
The authors found that there was not a substantial gene expression difference between sporadic and familial (NF2-related) VSs. This is in contradistinction to many central nervous system tumors, including glioblastoma multiforme and medulloblastoma. 7, [10] [11] [12] Prior studies have shown that these tumors display heterogeneous molecular signatures, findings that have led to the development of tumor "subgroups." These molecularly based subgroups have clinically significant behavior patterns and prognostic implications. 7, [10] [11] [12] Alternatively, the similar transcriptional signature found in sporadic and familial VSs by Dr. Agnihotri and colleagues is important for several reasons. The similar expression patterns underscore the potential critical role of the tumor suppressor NF2 gene as a fundamental aberration in VSs. 3, 6 This directs further efforts in dissecting the role of the NF2 gene as a controller of the PIK3/AKT/mTOR pathway. Finally, it suggests that common pathways can be successfully targeted across the VSs (sporadic and NF2-associated) and have similar therapeutic effects.
Consistent with the current findings, PIK3, AKT, and/ or mTOR upregulation in VSs had been shown both by gene expression analysis and immunohistochemistry. 4, 5, 13 Others have described the role of merlin (the protein produced by the NF2 gene) as a direct negative regulator of mTOR. 6 Because of the involvement of these pathways in cell cycle activation/apoptosis inhibition, they have been found frequently overexpressed in cancers and represent a therapeutic target for inhibition leading to growth arrest and apoptosis. More important, and pragmatic as well, is the approach of targeting several points in this molecular pathway, as employed by the authors in assessing biological efficacy in cultured VS cells. Using compounds that are able to potently target upregulated portions of a critical pathway (or putative therapeutic compounds that can target multiple critical oncologic pathways) represents an important mechanistic approach to chemotherapeutic treatment of these tumors, as the authors have shown in cell culture experiments.
Additional future studies will be valuable to enhance understanding of the current findings and the development of biological agents for VS treatment. Further validation of genomic findings could be helpful. While VS specimens were collected fresh from living patients, control vestibular nerve cells were necessarily obtained from cadavers. Thus, changes in pH, temperature, and oxygen tension could have altered mRNA stability and array output. Microarray findings could be further validated at the cellular level, either by comparing mRNA from VS cells to mRNA from normal Schwann cells or by comparing the differential mRNA expression before and after silencing of NF2 in cultured Schwann cells. The authors could also show that the therapeutic compounds they used, BEZ235 and PKI- 587, are superior to other available inhibitors of pathways involved in VS oncogenesis. Finally, future in vivo studies in animal models could be useful to demonstrate that drugs reach therapeutic levels within VSs after systemic delivery and provide a therapeutic response.
While additional work will be needed to attain a more complete understanding of VS biology that leads to new clinical treatments, the findings of the current study represent a critical step forward in understanding VS and developing targeted therapies. The authors should be commended for this important work. This study is further evidence that comparative gene-expression analysis has the potential to uncover information that will allow for a better understanding of tumor biology and tumorigenic pathway interactions. These findings will permit the formulation of new, targeted therapeutic strategies for treatment of VS. We look forward to further studies by this group and others (based on this work) into VS. 
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